Patients Forty-three patients were studied (i8 female, 25 male, age range 4 to 68 years). On clinical, radiological, electrocardiographic, and haemodynamic findings they were divided into the following groups.
Single plane cineangiography, either in the anteroposterior or in the right anterior oblique projection, can be used to determine left ventricular volumes. Volumes so obtained showed good agreement with those reported by others using biplane techniques. Ejection fraction and ejection rate derived from such volumes were normal in patients with mitral stenosis and with chronic compensated pressure and volume overloads, but were significantly reduced in patients with cardiomyopathy. Unlike Arvidsson, I96I; Miller, Kirklin, and Swan, I965; Kennedy et al., I968) . This technique has the disadvantage that infrequent film exposures necessitate construction of a composite volume curve, and volume changes so measured represent an average of several cardiac cycles. Biplane cineangiography (Chapman et al., 1958; Vogel, Horgan, and Strahl, I970) , on the other hand, permits analysis of beat-to-beat volume changes and assessment of reproducibility; moreover, the greater number of film exposures reduces the chance of inaccurate estimation of end-systolic and end-diastolic volumes. In clinical practice, single plane cineangiography is more commonly available for assessment of valve or myocardial function. Since others (Sandler et Group 5: Cardiomyopathy (7 patients) All patients had both clinical and radiological cardiomegaly, all were in heart failure and were digitalized at the time of study. None had any significant valve lesion and all were thought to have primary myocardial disease of unknown aetiology, though coronary artery disease was not excluded as selective coronary arteriography was not undertaken. All volume calculations were performed by computer, and for each patient a volume curve covering several cardiac cycles was obtained from which the end-diastolic volume and the endsystolic volume were read directly (Fig. 2) . The total left ventricular stroke volume was obtained by subtracting the end-systolic from the enddiastolic volume and the ratio of left ventricular stroke work to end-diastolic volume gave the ejection fraction. By drawing a tangent on the ejection portion of the volume curve the rate of ejection in ml/sec was calculated. As the rate of ejection is dependent, not only on the contractile state, but also on the size of the heart, it was corrected for this factor by dividing it by the enddiastolic volume (normalized ejection rate) and was expressed in vol/sec (Hood, Rackley, and Rolett, I968a) . Left ventricular end-diastolic presure was measured immediately after the 'a' wave when this was clearly visible, and where no 'a' wave existed, at o o5 sec after onset of the QRS (Braunwald, Fishman, and Cournand, I956) .
Results
The correlation between the actual volumes and calculated volumes in the anteroposterior projection from observations in barium-filled hearts is shown in Fig. i . Though there was excellent correlation (r = o0955), the calculated volume underestimated the actual volume. Hence, the calculated volumes have been corrected for this underestimation as described above.
Comparison between calculated volumes in the anteroposterior and right anterior oblique projections (Group 6, Fig. 3 ) indicated that volumes calculated in the same patient in the latter projection were considerably larger than those in the former projection.' Despite this difference in estimated volumes in the two projections, the ejection fraction in the same patient remained practically unchanged (Fig.  4) suggesting that, for calculation of ejection fraction by single plane cineangiography, either projection could be employed.
Left ventricular volume data obtained by single plane cineangiography in the anteroposterior projection in 33 patients (Groups i to 5) are summarized in Table i . The enddiastolic volume in normal controls (Group i, mean 70 ± 17, range 54 to io8 ml/m2) was not significantly different from patients with mitral stenosis (Group 2, mean 69 ± i8, range SI to 88 ml/m2) or with compensated pressure I When changes in corresponding planimetered areas and measured major axes in the two projections were compared, the percentage increase in area was relatively more than the percentage increase in the major axis when the patient was rotated from the anteroposterior to the right anterior oblique projection, accounting for the larger calculated volume in the latter projection. I72 ± 58, range I30 to 308 ml/m2) (Fig. 5) . slightly reduced in patients with cardiomyopathy (Group 5, mean 37 ± 8 ml/m2) (Fig. 6 ). The ejection fraction in normal subjects was 0-70 ± 0-03. In patients with mitral stenosis it was 075 ± 0-03 and in patients with compensated pressure overload 0-75 ± o-o6. A few patients with mitral stenosis or aortic stenosis had 'supernormal' ejection fractions (Fig. 7) as compared with normal subjects. In contrast, patients with cardiomyopathy had a very low ejection fraction (mean 0-22 + 0-05) and the difference as compared with normals was highly significant (P < o ooi).
The normalized ejection rate (Fig. 8 ) in normal controls (Group i) was 3-24 ± o-86 vol/sec (range 2-08 to 4.59 vol/sec), and it was similar in all other groups except those with cardiomyopathy who had a significantly (P < o-ooi) lower value (I-09 ± 0-47, range o-66 to I 3I vol/sec). There was a good correlation (r=o-814) between ejection fraction and normalized ejection rate and both were significantly low only in patients with cardiomyopathy.
The left ventricular end-diastolic pressure measured in 32 of the 33 i67±28** 37+8* 022+005** I-04±Q-47**
Significance as compared with normals: * = P <oos ** = P < o-ooi. 
